Introduction
The aim of the study by Raslan E et al. [1] , published in the present issue of High Blood Pressure and Cardiovascular Prevention, was to assess vitamin D status among patients with chronic stable angina and to compare it with that of a matched control group. The Authors' conclusion is that there is a significant association between vitamin D deficiency and the occurrence of chronic stable angina [1] . This is a non-randomized, case-control study, mainly based on interviewing questionnaires, and performed in a relative limited number of patients with angina pectoris as well as controls (n = 42 vs. 42). The study limitations are properly recognized by the Authors themselves; among them it should be mentioned the possibility of an imperfect matching of patients and controls; a selection bias might have occurred, as patients were selected from a tertiary hospital pool. Possible confounders, such as smoking, physical activity, hypertension and diabetes might have influenced the results obtained.
In addition, the case-control nature of the study, that did not include longitudinal observation or drug interventions, does not allow a proper evaluation of the causal relationships between the investigated variable (vitamin D plasma levels), and the occurrence of angina pectoris; however it is interesting to postulate a possible role of vitamin D deficiency as a potentially modifiable and underestimated risk factor for ischemic heart disease [1, 2] .
The possible association between vitamin D circulating levels and coronary heart disease was addressed also in other previous recent studies [3] [4] [5] [6] [7] , however, the issue is intriguing and controversial.
Vitamin D, a fat-soluble prohormone, has wide-ranging roles in the regulation of many physiological processes through their interactions with the vitamin D receptors [2] . It plays a major role in bones and calcium metabolism. Vitamin D deficiency is not uncommon and it has been associated with many health-related issues including skeletal and non-skeletal complications. The association of low vitamin D and cardiovascular diseases and risk factors has been explored in both animal and human studies. However, studies and trials on the effect of vitamin D supplementation on cardiovascular risk factors and hypertension are, in general, conflicting with inconsistent results [2] .
Studies Addressing Vitamin D Deficiency
and Coronary Artery Disease in 1978, which found a significant association between low vitamin D levels and angina and myocardial infarction [11] . Moreover, in a multicenter United States cohort study that evaluated patients admitted with acute coronary syndrome, the Authors reported that about 95% of patients had low vitamin D levels [12] . Dziedzic et al. observed low circulating vitamin D levels in patients with a history of myocardial infarction [13] , while Roy et al. reported that severe vitamin D deficiency was associated with an increased risk of acute myocardial infarction even after adjustment for other risk factors in a case-control study, [14] . Verdoia et al. in a cohort of about 1500 patients undergoing percutaneous coronary intervention reported a significant and independent role of Vitamin D deficiency in predicting coronary artery disease and severe coronary artery disease, defined as left main and/or triple-vessel disease [15] .
Even larger studies have been performed. In particular, the Health Professionals Follow-up Study included 18,225 persons, with a follow-up of 10-year; participants with normal vitamin D levels had half the risk of myocardial infarction in [16] .
In a large prospective study (n = 10,170), low vitamin D levels were found to be associated with an increased risk of ischemic heart disease, myocardial infarction, and early death during 9 years of follow-up [17] . Moreover,, in a metaanalysis of 18 studies, low vitamin D levels were associated with an increased risk of ischemic heart disease and early death [17] .
In a clinical setting similar to that addressed by Raslan E et al. [1] , Jarrah MI et al. [3] measured serum levels of vitamin D using radioimmunoassay in 186 Jordanian patients who underwent investigative coronary catheterization. Of these patients, 133 were suffering from coronary artery stenosis. The study, however, did not show any association between vitamin D abnormalities and the incidence or the reoccurrence of coronary artery stenosis [3] .
On the contrary, a large Norwegian study [4] demonstrated that plasma 25-hydroxyvitamin D concentrations were inversely associated with cardiovascular mortality and nonlinearly (U-shaped) associated with all-cause mortality A total of 895 (21.8%) deaths, including 407 (9.9%) from cardiovascular disease causes, occurred during a mean follow-up of 11.9 years.
The effect of vitamin D supplementation on angina episodes in Vitamin D deficient patients with chronic stable angina on medical management was evaluated in an intervention study [5] . Significant 20% (p < 0.05) reduction in anginal episodes and 17.24% (p < 0.05) reduction in use of sub-lingual nitrates was noted after Vitamin D supplementation. The benefits were independent of blood pressure values, heart rate and medications, thus, possibly attributing to vitamin D supplementation, since no reduction in angina episode was observed in a control group of patients with angina and normal circulating levels of vitamin D, in which no vitamin D supplementation was implemented [5] .
In a cross-sectional, observational study, fifty females with normal epicardial coronary arteries who presented with typical symptoms of rest or effort angina and 41 healthy age-matched female controls were included [6] . In patients with coronary syndrome X, 25-OH vitamin D levels were lower than those in controls; moreover, 25-OH vitamin D deficiency was also associated with higher levels of peak diastolic blood pressure during exercise [6] .
Possible Role of Vitamin D Deficiency in the Pathogenesis of Coronary Artery Disease
Vitamin D deficiency may play a crucial role in the pathogenesis of coronary artery disease at several levels, due to the fact that its receptors are present in different tissues. Vitamin D may be involved in the regulation of blood pressure, through different mechanisms, including the renin-angiotensin system and the modulation of vascular smooth muscle cells growth and proliferation [7] : Kawashima have previously shown the presence of a receptor to 1,25-dihydroxyvitamin D in smooth muscle tissue, supporting a potential role for Vitamin D in the regulation of vascular contraction and blood pressure [18] . Some mechanisms that may explain the preventive effects of Vitamin D against hypertension are summarized in Table 1 . Table 1 Mechanisms that can explain the preventive effects of Vitamin D against hypertension Adapted from reference 7 MMP metalloproteinases 1. Direct suppression of the renin-angiotensin system as 1,25(OH)2D functions as a negative endocrine regulator of renin gene expression in vivo 2. Decreases intimal thickening of blood vessels by inhibiting the accumulation of extracellular matrix within the inner vessel wall through its inhibitory effect on MMP 3. Decreases arterial stiffness by causing upregulation of nitric oxide synthesis which is synthesized by endothelium Moreover vitamin D has been reported to be able to modulate endothelial function, inflammatory processes [19] [20] [21] [22] and thrombotic events [23] . Serum levels of vitamin D have been shown to be inversely associated with the extent of vascular calcifications [24] [25] [26] and with carotid intima-media thickness [27] .
In a double-blinded randomized controlled trial Vitamin D supplementation has been found to decrease arterial stiffness through the reduction of the mean pulse wave velocity from 5.41 ± 0.73 m/s at baseline to 5.33 ± 0.79 m/s (p = 0.031) [28] .
Evidences indicated that low Vitamin D status adversely affects cardiac function [7] . Similarly, reversal of cardiomegaly by calcium and Vitamin D supplementation has been described in children with rickets [29] and in an adult with congestive heart failure [30] .
An effect of Vitamin D on mechanisms involved in atheroma formation has also been described. In particular, vitamin D inhibits the uptake of cholesterol by macrophages and, in case of Vitamin D deficiency, cholesterol uptake by macrophages is promoted and these so-called "foam cells" may invade endothelium, forming atheromatous plaque and promoting atherosclerosis [31] .
Vitamin D deficiency has also been associated with decreased levels of high-density lipoprotein and apolipoprotein A-1, with consequent atherosclerosis promotion [32] .
Positive associations have been reported between interleukin-6 (a marker of inflammation, predictor of subsequent risk of cardiovascular disease) and insulin resistance [33] . The latter is a risk factor for type 2 diabetes, which is itself inversely related to Vitamin D status [34] and predisposes to coronary artery disease. Among diabetes patients, in which a pro-inflammatory and pro-thrombotic status is present, lower vitamin D levels has been shown independently related to coronary artery disease and its extension [35] .
Areas of Uncertainty
However, despite abundant evidence concerning the involvement of Vitamin D deficiency in the pathogenesis of coronary artery disease, very few well-conducted, randomized controlled trials address this issue.
In addition, several randomized controlled trials which have investigated the role of Vitamin D supplementation in improving cardiovascular outcome, mostly in high-risk population have failed to provide any conclusive results [7, 36, 37] .
A systematic review of longitudinal studies examining the relationship of Vitamin D supplementation on cardiometabolic outcomes, including hypertension, cardiovascular disease and type 2 diabetes, was conducted by Pittas et al. [38] . The conclusion was that the association between vitamin D status and cardiometabolic outcome is uncertain. In particular, four trials showed that Vitamin D supplementation does not influence cardiometabolic outcomes [7, 38] .
A recent randomized controlled trial of 200 hypertensive patients with vitamin D deficiency have examined the effect of Vitamin D supplementation on 24 h systolic ambulatory blood pressure monitoring values and cardiovascular risk factors, showing that there were no significant effects of Vitamin D supplementation on blood pressure and other cardiovascular risk factors; paradoxically an increase in triglyceride levels in the experimental group was observed [39] .
Finally, most recent evidence supporting the absence of an impact of vitamin D supplementation on patients outcome is constituted by a nationwide randomized placebocontrolled trial including about 25000 individuals. Subjects were randomized to receive vitamin D supplementation or placebo. Primary outcome were major cardiovascular events and invasive cancer. No reduction in the incidence of major cardiovascular events or of invasive cancer was found in patients taking vitamin D supplementation [40] .
Conclusions
Interrelationships between vitamin D deficiency and coronary heart disease remain elusive, and the causality of such a relationship is still uncertain. Many factors and mechanisms are possibly involved; therefore the relations between vitamin D circulating levels and clinical manifestations of ischemic heart disease represent an extremely interesting topic of clinical research, which deserve further and thorough investigation, with large, well-powered randomized controlled trials, also considering its possibly relevant clinic impact, especially in terms of therapeutic targets and possible prevention or regression of coronary heart disease, provided that supplementation with easy and low-cost vitamin D will be demonstrated to have a positive impact on our health [2, 40] . The availability of these evidences is mandatory before guidelines might recommend Vitamin D measurement and supplementation for risk stratification and prevention of coronary artery disease.
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